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Abstract 
In a carbon constrained environment, the ongoing utilisation of southeastern Australia’s extensive brown coal reserves, largely
contained within Victoria’s Latrobe Valley, will require substantial mitigation of the related greenhouse gas emissions. Carbon
Dioxide Capture and (geological) Storage (CCS) has been selected as a potential emissions mitigation technology for this region.
Three basins were short-listed as potential injection sites within Victoria: the Gippsland Basin (both onshore and offshore); the
offshore Bass Basin; and the offshore Torquay Sub-Basin. These sites were taken through a provisional subsurface engineering 
evaluation, which allowed an evaluation of the likely viability of large-scale CO2 storage within the three basins, the security of CO2
containment, achievable injectivity and capacity. The work presented here was premised on CO2 injection commencing in 2015, at an 
initial injection rate of 5 MT annually, increasing to 20 MT annually by 2020. The southern flank of the Gippsland Basin (offshore) 
ranks highest in terms of estimated accessiblity and storage capacity, with over 700 MT of CO2 storage available, characterised by 
saline aquifer trapping.  The storage capacity of the Bass Basin is estimated to be over 400 MT, available within structural traps. The 
onshore Gippsland Basin and the Torquay Sub-Basin are ranked as the least suitable for the long-term storage of CO2, due to 
uncertainties associated with injectivity and containment, together with relatively small estimated storage capacities (<100 MT).  The 
current study illustrates that significant potential for storage exists in both Victoria’s offshore Gippsland Basin and the Bass Basin. 
Although indicative costs are large the region provides an ideal platform from which large-scale CO2 storage projects of global 
importance may be undertaken. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
The ongoing and potentially expanded use of Victoria’s extensive brown coal reserves in the Latrobe Valley will 
require substantial reductions in the emissions of greenhouse and other gases associated with electricity and other 
energy production. Carbon Dioxide Capture and (geological)  Storage (CCS)  has  been  selected  as  the  favoured  
emissions  mitigation technology  for  the  Latrobe  coal  reserves.  With  Victorian  greenhouse  gas  emissions 
comprising more than 100 million tonnes of CO2 equivalent annually (approximately 60 million tonnes from brown 
coal operations), and Latrobe coal related emissions projected to grow, it is essential that large-scale secure geological 
storage sites be identified and engineered within a short  timeframe.  The work presented here was premised on CO2
injection commencing in 2015, with initial injection of 5 million tonnes annually, followed by an increase to 20 million 
tonnes annually by 2020.   Based on extensive work completed by GeoScience Victoria (Victorian Department of 
Primary Industries) [1,2,3,4,5,6] and other organisations [7,8,9,10,11,12,13,14,15,16], three basins were short-listed: the 
Gippsland Basin (onshore and offshore southern flank); the offshore Torquay Sub-Basin in Victoria; and the offshore 
Bass Basin in Tasmania. The geographic location of the three basins relative to Melbourne and the major Latrobe valley 
CO2 emitters (e.g. Hazelwood and Loy Yang power stations) are shown in Figure 1. The basin evaluation of these 
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storage regions are described below in order of storage potential, respectively; offshore Gippsland Basin, Bass Basin, 
onshore Gippsland Basin and Torquay Sub-basin.   
A high level overview of the three basins shortlisted by GeoScience Victoria was undertaken in order to highlight 
advantages, disadvantages, feasibility within the 2015-2020 timeframe, containment security, injectivity and storage 
capacity risks and uncertainty [14]. A significant part of this study also addresses the data acquisition programmes and 
desk-based work programmes required to reduce uncertainties and understand risks associated with CO2 injection, 
storage capacity  and  containment  in  order  that  sufficient confidence  can  be  gained  to  make investment  decisions  
within  a  short  timeframe. Additionally, approximate costs for construction (subsurface and wells) and monitoring, 
measurement and verification (MMV) activities were estimated for the storage concept in each basin.  The relative 
merits of each basin are discussed in the light of new capacity and injectivity calculations, risks, uncertainties and costs.  
Figure 1. Proximity map showing the location of Victoria’s southeastern basins and their relative distance from the 
major CO2 emission sites within the Latrobe Valley. 
The terminal for CO2 volumes emanating from power generation in the Latrobe valley is expected to be within the 
Seaspray Depression (Figure 2).  The study reviewed the viability of large-scale CO2 storage in the three basins,  mainly 
based  on  the  CO2  storage  work  completed  to  date  with  an  additional (provisional) engineering assessment of CO2
storage capacity, containment and injectivity. The study is restricted to wells and sub-surface aspects of the CCS chain.   
The assessment included an evaluation of the security of CO2 containment, achievable injectivity and practical capacity 
based on the work completed, along with an evaluation of critical engineering limitations on CO2 injection rates and 
storage capacity. A range of possible injection scenarios and locations with attendant risks, uncertainties and work 
programmes to support risk understanding and uncertainty reduction were prepared for the short-listed storage sites. 
There was no opportunity to critically assess the background data and interpretations upon which this report is based, 
and the assumption is that the preceding work was of a high technical standard. The engineering assumptions used in all 
the capacity and injectivity estimates  in  this  study  include:  a  finite,  hydraulically-connected  pore  volume  able  to 
communicate pressure increase during injection operations, efficient distribution of injected CO2  throughout  the  pore  
volume  following  injection,  and  subsurface  industry-standard pressure limitations based on seal capillary entry and 
fracture pressures; these assumptions typically result in capacity of CO2 less than 1% of the defined pore volume.  
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Figure 2. Summary map showing locations of identified high-priority geological carbon storage areas (or plays) within 
the Gippsland Basin, and the expected location of the Seaspray terminal. 
2. CO2 Storage Mechanisms  
It is recommended that CO2 is stored as a dense liquid or supercritical state (0.5-0.8g/cm3) as it occupies far less 
reservoir volume and migration rates are slower; in a typical sedimentary basin CO2 storage needs to be at a depth 
greater than ~800 m to achieve the requisite pressures and temperatures to maintain a supercritical state [17].  
There are several mechanisms by which CO2 can be stored in the subsurface. Physical trapping of buoyant CO2
beneath a low permeability seal occurs in much the same way as hydrocarbons are trapped, where free-phase CO2
becomes trapped within structural or stratigraphic closures.  Residual saturation trapping occurs when low saturations of 
dispersed disaggregated CO2 are isolated within the pore spaces by capillary forces between formation water and CO2.
Residual saturation trapping is most effective following cessation of injection as CO2 disperses throughout a large 
volume of the subsurface.  Although the principles of residual saturation trapping are well understood from hydrocarbon 
production and injection operations, residual trapping of CO2 is however, a largely untested process on a large scale; 
migration rates and trapped saturations are associated with significant uncertainty. CO2 trapping also takes place 
following dissolution of CO2 into the formation water, and a fraction (perhaps a maximum of ~20%) of the injected 
volume can be securely trapped in solution; the effectiveness of this process for storing significant quantities of CO2
depends on how efficiently CO2 and water can mix in the storage formation, and as with residual saturation trapping, 
practical experience is limited. In general, in unconfined saline aquifers outside structural closures, CO2 will migrate 
according to buoyancy, the regional pressure regime and physical properties of the storage formation while some 
dissolved CO2 will be entrained within the regional hydrodynamic regime (increased density can cause some vertical 
segregation of CO2-saturated water from unsaturated water if geological properties  allow).  Finally, on much longer 
timescales, and depending on a diverse range of CO2-water-mineral reactions, the CO2 may form new stable minerals 
within the reservoir.  
3. Basin Evaluations 
3.1 Offshore Gippsland Basin  
The southern margin (that is the southwest flank) of the Gippsland Basin offers a CO2 injection location with the 
potential for significant capacity and immediate availability (Figure 2) [5]. Other parts of the offshore Gippsland Basin 
with significant CO2 storage potential are currently in use for hydrocarbon production operations.   Based on 
engineering assumptions related to injectivity and pressure constraints, and assuming CO2 can be securely contained 
within the target formation, it is estimated that approximately 825 million tonnes CO2 can be stored within the southern 
G. O’Brien et al. / Energy Procedia 4 (2011) 4739–4746 4741
4 Author name / Energy Procedia 00 (2010) 000–000 
margin of the Gippsland. For this offshore southern Gippsland Basin scenario, an estimated eight injection wells are 
required to achieve this stored capacity. These wells would be drilled in two phases and would cost approximately $120 
million (all costs are 2009 nominal $US unless stated otherwise). Two contingent injection wells would raise the cost to 
approximately $150 million. Offset devoted MMV wells, considered necessary for a project with this risk profile, might 
add an additional 30 million cost. Based on the engineering calculations and assumptions, injection of 825 million 
tonnes CO2 could take place over a period of approximately 41 years at a constant rate of 20 million tonnes per year. In 
the absence of prescriptive regulations for CO2 MMV, annual MMV costs are estimated at approximately $38 million 
(±50%)  for  the  first 10  years  of injection  reducing (assuming  acceptable  site performance) to 50% of this amount 
thereafter.  
The CO2 storage concept for the SW flank of the Gippsland Basin will rely on trapping of CO2 as a residual 
saturation phase within the Latrobe Group sandstones [2,4], outside of defined structural closure; CO2 will thus be 
trapped as a residual saturation in an unconfined “saline aquifer”. Such saline aquifer trapping has not yet been 
undertaken on scales similar to that proposed for south-eastern Australia. Given this, technical uncertainties, including 
migration rates and directions, morphology of the injected CO2 plume, and the integrity of both vertical and lateral 
sealing facies, become critically important. CO2 storage in mapped closed structures in saline aquifers (as proposed for 
the Bass Basin) is associated with lower uncertainty with respect to CO2 migration rates and directions and seal 
integrity than storage in saline aquifers outside structural closures.  
To reduce uncertainties associated with containment, detailed CO2 migration modelling of the Latrobe Group 
reservoir on the southern flank of the Gippsland Basin should be undertaken. This modelling must incorporate the 
interpretative outcomes derived from the recently completed 2D seismic acquisition programme along the SW flank of 
the basin [18] and static and dynamic models should then be constructed using realistic geological properties. Key 
inputs include detailed reservoir morphology, facies and composition, lateral and vertical permeability barriers and the 
detailed distribution and flow characteristics of faults within the area. The assessment should include a detailed 
assessment of migration and seepage indicators in relation to predicted seal potential.  Integration of hydrocarbon 
production pressure data from the southern fill-spill chain of the Gippsland Basin will be important, as there appears to 
be hydraulic connectivity between the hydrocarbon pools and the Latrobe Group in the southern flank of the Gippsland 
Basin [2]. Such a detailed study would reduce uncertainty associated with CO2 migration and storage capacity. The 
proposed interpretative and modelling programme should allow a robust analysis of the storage concept and this may 
provide the required confidence for informed investment-related decision making.  
The southern flank of the Gippsland Basin constitutes a unique opportunity for the application of large-scale CO2
aquifer trapping. Given that this type of storage may constitute more than 90-95% of total global CO2 storage potential, 
a CCS project in this region represents an opportunity to undertake a large-scale project of global importance.  
The pipeline system required to transport CO2 to the southern part of the Gippsland Basin, with the addition of a 
short pipeline spur, would also allow the large structural closures of the southern fill-spill chain to be eventually 
accessed for CO2 storage following cessation of hydrocarbon production. This additional capacity could be of high 
value should the State of Victoria require progressively greater CO2 storage capacity available over time. 
3.2 Bass Basin  
Storage in the Bass Basin, in Tasmanian waters, could utilise structural closures at the top of the Eastern View Group 
(EVG) [19,20,21]. The Eastern View Group in the Bass Basin includes large mapped structures, with the Demons Bluff 
Formation forming a viable regional seal to injected and migrating CO2. Given that the storage in the Bass Basin is in 
closed structures within  the Eastern View Group aquifer rather than structurally unconfined saline aquifers (i.e. SW 
Gippsland), the technical uncertainties related to CO2 migration and capacity in the Bass Basin are inherently lower 
than in the southern flank of the Gippsland Basin. Structural closures are dispersed throughout the Bass Basin. 
Maximum pore volumes within closures in the Bass Basin depend upon some degree of fault seal, although it is likely 
that substantial pore volumes do exist in structures not requiring fault closure.  
The seismic and well data available, along with existing studies of CO2 and hydrocarbon potential in the basin 
[20,21,22], are likely to be sufficient to commence an initial study of reservoir, seal and fault integrity; reducing 
uncertainty in CO2 containment security, injectivity and dynamic capacity. Initially, the Upper EVG would be the 
injection target within the mapped closed structures, and it is likely that these will have sufficient capacity for the 
projected volumes. Subsequently, the same formation, outside the closed structures, could be the injection site for 
residual saturation trapping of CO2. However, the raised pressures from injection into structural closures might be a 
limiting issue if the structural closures and the site of residual trapping are in pressure communication. As the 
hydrocarbon producing fields in the Middle EVG are exhausted, significant additional pore volume would become 
available for CO2 storage. Middle EVG reservoirs appear to be poorer quality than those in the Upper EVG and a 
thorough understanding of permeability controls and the related reduction in storage potential is required before such a 
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project extension would be undertaken. Common injection platforms could host both Upper and Middle EVG injection 
wells. A potential downside issue on the Middle EVG storage potential is that limited hydrocarbon exploration is 
ongoing and there is a (probably very small) risk that resource conflicts could arise if a significant discovery and 
subsequent hydrocarbon production took place. As for the Upper EVG, substantial amounts of seismic and well data are 
available for the lower EVG, although an additional seismic survey might be required depending on which of the closed 
structures are short-listed. The Bass Basin project is thus characterised by an initial CO2 storage scenario associated 
with low containment risk (the Upper EVG), possibly followed by another project with relatively low containment risk 
(the Middle EVG reservoirs), with the potential to test a residual trapping project which, like the Gippsland storage 
concept, will have higher migration risk and uncertainty.  
Recommended work for the Bass Basin includes a detailed assessment of fault seal integrity and depositionally-
based reservoir compartmentalisation.  Other  issues  include  injectivity characteristics,  pressure  (transients  related  to
compartment  size  and  capacity), geomechanical and geochemical formation damage. There is a requirement for an 
improved understanding of compartmentalisation, and a review of well integrity and risk of migration via existing 
wells. Acquisition of a new 3D seismic survey is an option in the Bass Basin to better image the seal and to better 
understand fault seal potential within and near the larger structures that are currently believed to carry least risk.  If the 
new seismic was combined with updated reservoir property distribution, modelling of the migration mechanisms and 
routes would be enhanced.  
Based on engineering assumptions related to injectivity and pressure constraints, including finite pressure 
compartments and homogenous distribution of CO2 following injection, an estimated 440 million tonnes of CO2 can be 
stored in the Upper EVG within two structures which require, respectively, no fault seal and fault seal on the least risky 
fault sets (this assumes 40% CO2 saturation at the end of the injection period). The injection period is estimated at 
approximately 22 years at a constant rate of 20 million tonnes per year and requires a total of 7 injection wells, 3 drilled 
in 2015 and 4 in 2019; estimated well costs are approximately $120 million. A contingent well would add 
approximately $17 million to the project. Operational MMV annual costs for structural trapping are estimated at 
approximately $32.5 million (±50%) for the first 10 years of injection reducing to 50% of this amount thereafter 
(assuming acceptable site performance). Additionally, 1 to 2 further injection wells would be required to test the 
residual trapping mechanism, costing approximately $30 million (with associated additional monitoring costs).   Should 
residual trapping not be subsequently successful, there is the potential for additional wells to access the storage volumes 
available in the Middle Eastern View Group as well as in other nearby closed structures.  
3.3. Onshore Gippsland Basin  
The onshore Gippsland Basin appears to offer limited CO2 storage capacity, at least considering a “Top Latrobe” 
storage play [3]. Moreover, key technical uncertainties exist, most of which relate to data coverage, quality and 
availability. Uncertainties with the Top Latrobe storage play include: injection and storage capacity; pore volume; 
reservoir quality; facies development; potential compartmentalisation; and related pressure constraints. Containment 
risk and uncertainty are primarily associated with CO2 migration rates and the integrity of the seal [3,5].  
Based on engineering assumptions related to injectivity and pressure constraints it is estimated that approximately 65 
million tonnes CO2 could be stored in the onshore Latrobe Group over a period of 13 years at 5 million tonnes per year. 
This would require three wells (one contingent) costing approximately $33 million, with a requirement for an offset 
MMV well costing approximately $11 million.   Operational MMV annual costs for structural trapping are estimated at 
approximately $23 million (±50%) for the first 5 years reducing to 50% of this amount thereafter (assuming acceptable 
site performance). In order to maximise contactable reservoir storage volume, the injection wells would be deviated 
from an onshore location to a location about 2500 to 3000 metres depth offshore.  
The possibility of more laterally extensive CO2 migration, poorer than expected seal quality, along with the potential 
impacts on onshore resources, means than onshore CO2 injection is potentially higher risk (i.e. migration risk likelihood 
x impact) than offshore injection. A key potential impact is on groundwater resources onshore. Low salinity water 
resources are present in the Latrobe Group across much of the onshore Gippsland Basin, especially at Top Latrobe 
levels, and thus there is a potential impact of CO2 on potable water resources. This freshwater issue may present a 
barrier to the licensing of storage in the onshore Gippsland Basin.  
Given the low-salinity nature of the Top Latrobe reservoirs onshore, the detailed evaluation of the storage potential 
of the deeper Latrobe Group reservoirs, and perhaps also the Strzelecki Group (both of which have significantly more 
saline groundwater), is clearly important for the development of CO2 storage in the onshore Gippsland Basin.  
3.4. Torquay Sub-Basin  
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The storage potential of the Torquay Sub-Basin is currently ranked significantly lower than either the southern flank 
of the Gippsland Basin or the Bass Basin. Reasons for this relative downgrade include a general lack of technical data, 
especially in relation to top seal quality and to a lesser extent reservoir distribution and quality. Based on available 
information, risk of top seal containment failure appears to be significant, especially towards the northwest, near the 
basin-margin. In addition, the reservoirs within the Torquay Sub-basin occur at shallow depth, which means that the 
difference between the fracture pressure and formation fluid pressure is relatively small. As a consequence, the volume 
of CO2 that can be stored within pressure limitations is, based upon currently available data, significantly lower than 
that of the deeper offshore basins investigated. The shallow depths of the reservoirs within the Torquay Sub-basin mean 
that any CO2 which escapes containment or migrates further towards the basin edge than expected might convert to the 
gaseous phase and could migrate rapidly towards the onshore. These factors, combined with the scarcity of available 
data (e.g. 3 wells offshore), uncertainties (e.g. MICP data on the regional seal potential are limited to 1 sample where 
the results are equivocal) lead to the ranking of the Torquay Sub-Basin beneath the Gippsland and Bass storage basins 
for large-scale CO2 storage.  
Despite the above listed concerns, there is potential to store CO2 in mapped closed structures beneath depths of 
approximately 800 m. The proximity of the basin and its structures to the coast and to coal-fired power stations such as 
the Anglesea Power Station may make the sub-basin attractive for smaller-scale CO2 storage projects and work should 
be continued with the objectives of reducing uncertainties in storage capacity, injectivity and containment risk, 
including migration risk impacts.  
4. Conclusions  
Victoria is fortunate to have high quality CO2 storage options relatively close to the Seaspray Depression (Figure 3). In 
terms of storage capacity, the offshore Gippsland Basin SW flank ranks high with over 700 MT capacity within 60 km 
of the Sespray Depression. There is also potential for substantial extra storage to become available from 2025 to 2030, 
associated with depleted petroleum structures. The Bass Basin is further away but has high security structural storage of 
at least 400 MT. The Bass Basin also has potential additional storage associated with structural trapping in the Middle 
Eastern View Group and saline aquifer trapping. Storage capacity associated with the onshore Gippsland Basin and the 
Torquay Sub-basin appears to be relatively small (<100 MT) and the storage sites typically have uncertainties 
associated with containment and injectivity. The onshore Gippsland Basin also has potential impacts associated with 
fresh water and it may be necessary to drill offshore from onshore to minimise impacts of CCS. Significant work 
programs are needed for each area to reduce uncertainties associated with the geological storage of CO2. It is important 
to emphasise that conclusions presented herein are based on currently available data, and on the present level of 
understanding of CO2 migration and trapping. Given the immaturity of CCS implementation worldwide, additional 
experience is likely to change the perception of which geological  and  engineering  data  are  critical  to  both  storage  
capacity,  injectivity  and containment. New data and improved understanding may therefore combine to substantially 
revise the perceived storage potential and risk profile of these areas. 
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Figure 3. Range of CO2 storage potential within Victoria’s southeastern sedimentary basins and their relative distance 
from the Seaspray Depression. 
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